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??T7i gaJL Ig p*PI*TIOM DEVICE 

This invention relates to an optical irradiation device, 
especially a compact portable irradiation device suitable for 
use as a light polymerisation source. 

It has already been proposed to use light -emitting diodes LEDs 
in a hand held device to produce a focused beam of light to 
cure dental materials. Blue light at a peak wavelength of 
abouc 470nm is used to harden dental polymers which contain 
camphoroauinone as the photo initator in a methacrylate 
polymerisation process. However, there is a problem in 
producing a sufficient level of irradiance even with a 
clustered array of LEEs , to cure the known dental polymers in 
the recommended time- At the lower levels of irradiance 
available generally below 300mW/sq.cm, longer curing times 
have to be allowed, which reduces the efficiency of the dental 
treatment delivered. 

nTfirt.OSTJRT: OF THE INVENTION 

An object of the present invention is to provide an optical 
irradiation device that employs LEDs, and thereby has the 
benefits of compactness, portability, rucrgedness and long 
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life. but whlch also produces .^ roved uveis ^ ^^^^ ^ 
and above 3 00mW/s<3.cm. 

Acco raing co a £irst aspsct ot inwntio ^ ^ 

=We«« in an irradlitlon devlc£ fcy foming shaMd ^ 

adjacent LEDs which allow them t„ .«« • • 

them t0 ad3 ° in ™>*e closely than 

tney would otherwise 

36 With c °^entional spherical outer 
surfaces as manufactured currently. 

ZZT, T a sacona aspect ' ehe in — - . 

and has an intermediate reen nn 



According to a third aspect che * 

onr . , . he lnven ^°n consists in an 
optical irradiation device eB1 „, ft , • 

-t pipe to cooi the LEDs ' ^ 4 "~««- * 

According to a fourth asp _ ^ invention consiscs 

comprising inner and _ 
longitudinally from one end of the heat ■ 

define . PiPfi t0 Che oche * and 

aetine an annular sn »« , 

iar s Pace therebetween contain 4 

«~ ~ .o absorb heat by a phas ;° ainin9 a 

— ^ dividad by \ PhS " Ch ^ e ' <*• —ular 

Wcudi-rtly b . Cw „ n said 
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ends, some of said channels being adapted to conduct the 
liquid/vapour phase of said material from the hot end of the 
heat pipe no the cold end, and other channels being adapted to 
return said liquid phase from the cold end of the pipe to the 
hot end. 

According to a fifth aspect, the invention consists in an 
irradiation device employing LEDs and a tapered light guide to 
collect radiation emitted by the LSDs and deliver this to an 
output beam, wherein two or more tapered light guides are 
arranged in series so that successive guides receive radiation 
from preceding guides, and a group of LEDs is provided at the 
input end of each guide, each successive guide preferably 
being provided with a ring of LEDs around the output end of 
the preceding guide. 

The first aspect of the invention means that LEDs occupy more 
of the available space, and a fixed number produce a higher 
radiant intensity. Thus, smaller numbers of LEDs can be used 
to produce a desired level of irradiance, which in turn 
reduces the power required to drive the device and the heat 
generated by it. Furthermore, the device can be made more 
compact. Pacing of the LEDs in this way may involve a slight 
reduction in the output of each LED, but the more effective 
Packing density produces an overall increase in irradiance. 
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l*Pi=a lly . a central LED might have a polygonal outar 
— - first ring of 1EDs would bs arrMged wh 
"ith . flat face to ^ . corresponding ;ace Qf cencrai 
LBD an d PO. slbly each Wing . palr o£ radiacins m 
»h tch ehut accent ^ ln che £irst rortbmm a 

secend or „ 0 r. rings c£ leds could he arranged concentrica 
with the f iret ring , Mch „ lth respective aa3Menc ^ 
faces ahutting one aaother ^ ^^^^ wtth inMrdiy 
faces shutting respecciva oucwardiy aire=tea fa=es ^ ^ ^ 
Of the inner ring . AltMaatively> a singie riag ^ ^ ^ ^ 

MMMtriC rinBS °' LEES «- «— without a central 

0B5CRTPTTOM m, jag ^ rnwTtn - 

Tha invention will now be de.exlh.rf k 

deSCrib * d by <=f example with 

reference to the accompanying drawing in which: 

is a schematic cross-section through a fir . t 



schemata =rOSS -««ion through a second 
exnbodiment of the i m « M f< 

the invention comprising a cluster of an inner 
vroup of « end » outer ri„ g of LEDS ; 
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FiffittS 1 is a schematic cross -section through a third 

embodiment of the invention comprising a cluster of two rings 
Of LEDS ; 

F i qure * is a schematic side elevation of a fourth embodiment 
of the invention; 

£i£Qi£g 5 is a schematic longitudinal section through a fifth 
embodiment of the invention; 

F±qWtt * is a schematic longitudinal section through a sixth 
embodiment of the invention; 

FtgUrft 7 is a s^ematic cross-section through a bundle of 
light guide fibres with modified sections, 

is a schematic side elevation of a tapered 
light-guide according to another embodiment of the invention; 
and 



F i ffUr * q is a «eh«atle cross-section through a heat pipe 
according to the invention. 



xn a typical optical irradiation device according C o the 
invention, a plurality of led s are clu8tered tosyether „ Q aa fce 



ire 
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direct ™itt.d radiation intc a single besm . A cluster e£ 
». 43 is shown in side view in Flgure ^ ^ ^ ^ ^ 
cross-section ln Figurej , to 3 Ea=h ^ ^^^^^ a 

light-emitting semiconductor Pn Junction (not shown, which is 
encapsulated in an outer plastics env el ope. the profile ot 
which is shown in the drawing. 

envelop, are shaped to allow the LEDs to be clustered together 

more closely at their b thersby increasing ^ ^ of 

occupied to unoccupied space in the cluster of LEDs . The 
txps of the LEDs are substantially spherical and transmit the 
radiation to form the beam. 

xn the embodiment or the invention illustrated in F igu re 1 the 
outer envelope of the LEDs is hexagonal in cross-section, and 
«" LEDs are clustered in the manner of a honeycomb as shown • 
with adjacent facets abutting one another. 

m the second embodiment of the invention illustrated in 
Figure 2. a central LED 21 of 

of nexagonal cross-section has 
<*e.t. which abut adjacent facets of si, LEDs 22 in a first 
rin, of LEDs with radiaHy extending side facets that allow 
-aacant LEDs in the rln g to abut one another. x s . C o nd rlno 
of LEDs 23 is arranged around the first ring of LEDs. and 
these LEDs 23 have radially extending side facts that allow 
adjacent LEDs in th. ring to abut on. another 
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in a third embodiment of the invention shown in Figure 3. an 
inner ring of nine LEDs 31 in a first ring is contained within 
a second ring of LEDs 32, and radially extending side facets 
of the LEDs in both rings allow adjacent LEDs in each ring to 
abut one another. 



Both the second embodiment of Figure 2 and the third 
embodiment of Figure 3 may be modified by the addition of one 
or more further concentric rings of LEDs . Also. the 

circumferential facets of the LEDs of each ring may be shaped 
to abut similarly shaped circumferential facets of the 
adjacent ring of LEDs. 

In yet another embodiment, the central group of LED, 21 , 22 of 
Figure 2 may be replied by th. same number of LEDs in a 
honeycomb cluster. Vet another embodiment nay consist of the 
single ring of led* 31 shown in Figura it ^ ^ 

appreciated in all three illustrated embodiments, the LEDs are 
mounted in a substantially flat plane. 

in modifying the conventional optical sphere shape of the 
outer plastics envelope of a led cere has to be tafcen to 
Preserve a. much as possible of the focusing effect of the 
-elope to maximise the total irradiance. However, because 
the envelope of existing LEDs have a tapered shape to assist 
their re^v.1 from the mould during manufacture, th. sbaped 
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sxde facets can be forced around the broadar ^ o£ che ^ 

co change its cro otion . for ex ^ le ^ h . xaaonal _ 

but with these feet, bavin, a reducing effect on the sbape of 
tbe envelope towards its tip where the focusing effect of the 

envelope is concentrated. Thu* -v,- • 

Thus .ne invention can employ 

existing LEDs and modify - hel ^ , 

airy ta heir shape in a secondary 

manufacturing process, for example usincr 

^ Ae ' using jigs, or the 
invention can employ led s whleh . 

which have been specially 
manufactured with the ~eouir-»ri 

-equired outer envelope shape to 

accommodate better clustering. 

The shaped facets of the t *r.» 

the LEDs be Polished to enhance 

reflection and help reduce any loss q£ ^ 

Additionally, a reflective metallic film may be applied to the 
shaped facets to further enhance reflection. 

The «. may also Corporate a micr olens or microlens array 
to aid collimation of the beam. 

The electrical connections of the LE nc v 

the LEDs ' ^ as lead frames 

are connected to respective positive and ne 

* sltl ve and negative power 
terminals or bus bars 42 p*-.* w, 

adapted fe ^eferably. these terminals are 

adapted to serve the dual function of heat sinks to hel 
remove heat generated by the x^s 43 ^ th 

are formed of a good th-rmal „ terminalS 

thermal conductor such as copper . 
located in the optimum location rel • 

ocation relacxve to the LEDs and the 
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external surfaces of the device. In one particular 

embodiment most suited to the LED array of Figure 3, the 
terminals 42 take the form of two concentric rings, each lying 
adjacent to the bases of one ring of LEDs 31 or 32. 
Preferably, the negative terminal is the outer one because the 
negative lead frames 44 of the LEDs generally get hotter than 
the positive lead frames 44. 

The typical optical irradiation device according to the 
invention also preferably incorporates a tapered light guide, 
shown as guide 41 in Figure 4. to collect light emitted by the 
LEDs and deliver this as an output beam. It is known to use 
light guides with adiabatic optical tapers in optical 
irradiation devices so that there is total .internal reflection 
of the light as it is conducted from the light source to the 
output. However, an advantage of the invention is that the 
more compact cross-section of the LED cluster means that the 
diameter at the input end of the light guide can be smaller, 
and thus a smaller angle of adiabatic taper (i.e. the ratio of 
the diameter of the input end to the output end of the light 
guide) can be provided in the light guide with the consequent 
more efficient transmission of radiant energy and increased 
illuminance. This improvement is most marked compared with a 
conventional approach of simply increasing the numbers of LEDs 
in a cluster at ever increasing diameters with decreasing 
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benefice effect on illuminance and increasing detrimental 
effect on compactness, heat generation and cost. 



In another embodiment of the inventi™ -in 

invention, illustrated in Figure 
6 . two or more adiabatie , . . 

anatlc tapered light guides 41 are arranged 

» series, each with a corresponding cluster of LEDs 43, but 
with successive clusters forming a ring around the end of one 

light guide as it connects to the next ,u. 

next. Alternatively, each 
successive ring of led s 43 mav k- 

3 may be placed by just one or a 
fwer number of . arrangement ^ ^ 

7 tfir ° f ^ dCVlCe t0 - — -lately email as the LED 
clusters 43 are arranged ^ ^ ^ ^ 

device . 

In the preferred embodiment of Fioure 4 „ • , 

jjs Figure 4, a Si „g le tapered 

' ^ alOOB "* l ~ - — ^ Fl9ure 5 . to dlrect 
the output beam to suit a v 

suit a particular application, this being a 
known practice with existino i <ff u, 

m w g llght ?Uldes - Th e light guide 

may be machined from cast ■ 

. „ fc aCrylXC Plastic bent, or could 

be made from glass or ofher 

other optically transparent materials. 

An alternative light guide ic < n 

the bend in the iT in Figure 8 in which 

in the i ight 41 . s 

section 46 in its length which . „ 

which reduces to a m inixnum diameter 
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before widening again to a larger diameter towards its output 
end. By forming the bend at the minimum diameter, the light 
transmission losses of the light guide caused by the bend are 
reduced, but the effective cross-sectional area of the output 
beam is maintained at the required level. 

Fused fibre-bundle light guides have the advantage of 
individual fibres being of a relatively small diameter so that 
they can be bent over a tighter radius without the greater 
losses associated with larger diameter fibres when bent over 
the same radius. However, conventional fused- fibre bundles 
have the disadvantage cf a packing fraction loss, that is, the 
outer cladding of the fibre uses up a significant proportion 
of the cross-section of the light guide into which light from 
the semiconductor array is directed, thus reducing the amount 
of transmitted radiation available from the semiconductor 
source. Preferably, therefore, in one embodiment of the 

invention, illustrated in Figure 7. the guide comprises a few 
shaped fibres 61 placed adjacent to each other and fused 
together. a guide of this design is manufactured by 

mcroouarta Sciences Inc. of Phoenix, Ari 2 ona, USA. m this 
way. the diameter of each fibre is smaller than a single 
homogeneous guide rod so that they allow greater light 
transmission on bending around the same bend ^ ^ 

the packing f raction is alflo grwly ^ 
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fibre guides. resulting in a greater than 90% core 
availability at the input end of the guide. 

in another embodiment of the invention, a graded-index 
optical light guide is used. A graded-index light guide has 
no sudden interface between the cladding and the core, 
instead, the refractive index varies either radially or 
axially. In one embodiment, the gradient of the refractive 
index of the light guide varieg bQth ^ ^ 

that the light energy is favourably manipulated. A guide 

that uses a stepped index could also be used with the same 
axial and radial variation in refractive index. m this way 
the numeric aperture can be varied at either end of the guide 
to achieve the desired transmission. 

in other embodiments of the invention, instead of providing a 
single tapered light guide, each LED or groups of LEDs could 
be provided with its own light guide fibre incorporating an 
adiabatic optical taper, and the output ends of these fibres ' 
couid be collected together to form a single output beam The 
input end of the fibre would be moulded optically to the 
accent LED or group of LEDs for ef£icient transmission of 
radiation. Xn this way, the diodes can be spaced more widely 

to dissipate unwanted heat t« 

tea neat, m yet another embodiment of the 
invention. each led could 

C ° Uld be Ousted so that its outer 
envelope is extended into a fibre li oht 

~iore light guide which 
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incorporates an adiabatic optical taper. in yet another 

embodiment, the section of the fibres may be modified so that 
shaped faces of the fibres fit together to reduce the 
interstitial space. One embodiment of this design could be 
as shown in Figure 7 . 

The light guide or light guides used according to the 
invention may be formed with an outer metallic coating to 
improve its performance. 



It will be appreciated that the irradiance of the device 
according to the invention can be varied by varying the input 
power, number of LEDs, or by varying the adiabatie taper of 
the light guide. 

Cooling of the LED cluster can be aided according to another 
feature of the invention by arranging that the electrical 
connections of each LED are thermally connected to one or more 
heat pipes. Conventional LED irradiation devices usually 
include a heat sink to conduct away the heat from the LED 
chips. Heat sinks are generally slow and inefficient in 
conducting heat away from a heat source compared with heat 
Pipes. Heat pipes conduct heat away rapidly by using the 
latent heat of a substance, such as water, which is vaporised 
by the heat from the source. The vapour moves at high speed 
to the cooler end of the heat pipe and condenses. Heat pipes 
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ar. unigue in their ability to conduct heat rapidly in this 
way. 

Figure 5 shows a device according to the invention which 
incorporates a heat pip. 45 as a single lu»en in the a,ain body 
« of the device. The hotter of the LED leads is preferably 
Placed nearer the heat pipe 45 or outer case 47 of the LED 
cluster so that the heat path of the hotter lead is shorter. 

A thermal connector 48 may be D mv^.H *, _ 

may oe provided between the LEDs 43 and 

the end of the heat pipe 45. „ reQuired , additioMl £otced 
cooling »eans „ay be used £or _ ^ <f ^ 

d .vice 50 in Juxtaposition to the pipe. In addition , . ^ 
sank 51 may be provided. 

Because of the greater coolin, abili ty of heat pipftS/ ^ 

allow the LEDs to be driven in such a ma „„. r 

sucn a manner as to produce 

more radiation, and thus an««« 

«a tnus allows a more powerful device to be 

manufactured. 

For portable use. the LEDs ere operated fro* batteri.s 52 
"hich are !ocat.d in a hand grip S3 attached to the body „ ' 
in E.gure 5. However, the heat p ipe design can bfi 
s. shown in Eigur. 9 t0 ^ 

Pip. consrsts of two concentric heat conducting tubes 55 5 6 

r S ~~ ««- — — tlon element 5 7 JZ 

tub., siller in „ . ~« 
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sheet rolled into a tube. This lies within the concentric 
tubes. The wicks 58 of the heat pipe can then be placed in 
alternative grooves in the corrugated sheet, while the empty 
grooves 59 allow for the rapid movement: of the vapour formed 
at the warmer end of the heat pipe. 

By designing the heat pipe in this way batteries, capacitors, 
supercapacitors or other energy source 60 can be located 
within the inner wall 55 of the heat pipe. 

In some embodiments, for example, where there are a large 
number of LEDs, a heat sink 51 may be necessary in addition to 
the heat pipe 45. The intermittent use of an LED irridation 
device for dental curing, means that with careful design, a 
heat sink may be omitted. If cooling to below the ambient 
temperature is required, such as may be the case in extreme 
environments, a Peltier device 50 may be added to the heat 
pipe, although a Peltier device will result in a greater 
consumption of power and a requirement for greater heat 
dissipation. 

The wavelengths of the LED used will depend upon the 
applications of the device. A LED emitting blue light with a 
peak wavelength of about 470mm is used to harden dental 
polymers, but a LED emitting red light may be useful for 
photodynamic therapy, for example, cancer therapy. 
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The wavelet of u 9ht emicted by che LEDs may be ^ 
a light guide by dopln9 che mater . al from ^.^ . c ^ 

-xth fluorescent Tbis can £erve „ ^ 

wavelength of the smitted light ao ^ ^ ^ ^ 
application. 

The choic. of » i. also inporcanc tn Mrms o£ 
construction, dieter. irrad iance and lighc ^ 
Pattern. rrom . rMge of LEDs the h. s t avails, 

choice has bMn dacermined with a ^ diuMter ^ 

than a 5™ dimeter ^ „ ^ ^ ^ ^ 

» or 45 degrees. Nichii is the q£ 

■UEDs . 

L ^ SPPraciated ch " — •iighc-e mictln9 

" U " d Wei ° — deludes leser diodes. 

«- in Che devices acceding to che invention ^ be operated 
in - pulsed ^ or ^ ^ 

radiation intensity to suit eh. ,• 

e . „■ y SUlt che =PPHcation. and multiple 

clusters of LED. - U - K „ . ,. 

" embodi — °f Figure 6. ^ 

•ach be generated in a different znode. 

The power SU ppl y for fch 

mention could be Mlns ^ ^J""" ""^ " ^ 

Power. battery power. capacitor. 
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supercapacitor , solar power, clockwork generator or generator 
powered by the mechanical effort of the operator or assistant* 

In one embodiment, a capacitor or supercapacitor could be used 
to power the array having advantages over conventional 
rechargeable sources such as batteries. Capacitors can be 
virtually instantaneously recharged between one or more curing 
cycles of operation when the unit is connected to a power 
source . 

The power supply for the device may be re-chargeable, and may 
be designed to make automatic electrical contact with the 
charging means of a base unit when engaged with the latter in 
the manner of a cordless telephone handset.., 
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CLAIMS 



An optical Nation device comprjsing a „ ^ of ^.^^ ^ 
clustered so rim radiation they emh is dieted into a beam characterised in that each LED is 
formed with muhipic facets such that the face, of adjacent LEDs adjoin on. another in clMe 
proximity throughout their length. 



*■ * device as claitned in data 1 in which the facets of adjacent LEDs extend 
substantially parallel to one another. 



3. A device as dataed „ ^ lor2in ^ fc ^ rf ^ ^ ^ ^ 
another. 



4- A device as Canned in any one of the preceding claims in which LEDs are arranged in 
a ring with side facets of adjacent LEDs adjoining one another. 



* A device as claimed in claim 4 in which LEDs are arranged in concentric rings with 
side facets of adjacent LEDs in each ring adjoining one another. 

6". A device as claimed in claim 5 in which rhf r im* ^ j- 

mctl the LEDs of adjacent rings have radially 

directed facets adjoining one another. 
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7. A device as claimed in any one of claims 4 to 6 in which a single LED is located 
within said ring or innermost concentric ring. 

8. A device as claimed in claim 7 in which said single 1TT> has radially directed facets 
that adjoining facets of the LEDs in said ring or innermost concentric ring. 

9. A device as claimed in any one of the preceding claims in which the LEDs are regular 
polygons in cross -section. 

10. A device as claimed in claim 9 in which the LEDs are hexagonal in cross-section. 

11. A device as claimed in any one of the preceding claims in which the facets of the 
LEDs are polished. 

12. A device as claimed in any one of the preceding claims in which the facets of the 
LEDs are provided with a reflective coating. 

13. A diode adapted for use in an optical irradiation device as claimed in any one of 
claims 1 to 12. 



14. A device as claimed in any one of the preceding claims, including a light guide for 
collecting light from the cluster of light emitting diodes. 
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■5. A device as Calmed in any one of claims , ,o U, wherein a Ugh, guide is provided for 
each light emitting diode in the cluster. 



16. A device as claimed in any one of me preceding claims including , Ugh. guide for 
eolleedng (ign. from cIuOTr of ^ <he , iglH ^ ^ ^ ^ ^ ^ ^ ^ 

part to another so as to manipulate the light. 

A device as claimed in a„ y ^ ot the precsdi „ s ^ .^.^ ^ ^ ^ ^ 
consists of a few fibres fomied individually ^ ^ 

■8. A device as claimed in a„ y one of me preying claims including a ligh: guide 
consisring of ahaped fibms packed rogerner so ma, me padcing fracdon is mouced. 



19. 



An irr^on device employing LEDs md . Iapered ligh , ^ „ ^ 
emiced by me IB, and deliver mis m an ourpm bean, characerised in m« «wo or mom 
•apered BgH, guides am a^gad in scries so ma, successive guides receive radiadon from 
preceding guides, and an LED or group of LEDs ls provjded „ , he ^ ^ tf ^ 



A device as Calmed m Calm 2 0 in which each successive guide is pmvided w ith 
nng =f LEDs «™d m. ourpur end of .he prcccding guidc . 



21. 



A ^*» " — *» -» - of mc pmceding Cairns in which me hear is mmovad 
firom the LEDs by a heat pipe. 
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22. A device as claimed in claim 21 in which a plurality of heat pipes is used to transfer 
heat from the LEDs. 

23. A device as claimed in claim 21 or 22 in which an annular heat pipe is sued so chat it 
can contain energy storage means. 

24. A device as claimed in any one of the preceding claims, including a Peltier device to 
cool the LEDs. 

25. A device as claimed in any one of the preceding claims having a pistol grip to contain 
energy storage means. 

26. A device as claimed in any one of the preceding claims, including a capacitor or 
supercapacitor to power the device. 

27. An optical irradiation device comprising a plurality of LED s and a heat pipe to cool 
the LEDs. 

28. A hand-held device for curing dental materials including an optical irradiation device 
as claimed in any one of the preceding claims. 



WO 99/16136 



22 



PCT/GB98/02905 



29. A heat pipe comprising inner and outer walls that extend longitudinally from one end 
of the heat pipe to the other and define an annular space therebetween containing a material 
that serves to absorb heat by a phase change, the annular space being divided by internal walls 
into a plurality of fluid flow channels that extend longitudinally between said ends, some of 
said channels being adapted to conduct the liquid/vapour phase of said material from the hot 
end of the heat pipe to the cold end. and other channels being adapted to return said liquid 
phase from the cold end of the pipe to the hot end. 

30. A tapered light guide for an optical irradiation device, which light guide is tapered 
from its input end to its output end and has an intermediate region of minimum diameter in 
which a bend is formed. 
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